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PREFACE

The objective of the minefield detection project is to determine

the effectiveness of remote sensing systems and other methods of de-

tecting and identifying mines, minefields, minelaying equipment, or

minelaying operations, and to recommend continuing effort on the most

promising methods.

Work under the project concerned with each of the concepts to be

investigated is being performed in a sequence of four major tasks:

(1) identification and screening of promising techniques; (2) prelim-

inary systems analysis and definition of experimental or other data

acauisition systems; (3) acquisition of critical data through experi-

ment, literature survey, or access to SCI; and (4) evaluation of con-

ceptual systems for technical performance and military usefulness.

This is one of a series of reports documenting technical effort

and results achieved during the project. This report covers work

performed under Task 3, Critical Data Acquisition, for conducting

analysis of aerial photographic coverage of a test array located on

a site near Ann Arbor, MI.

Dr. J. Roland Gonano was the Contracting Officer's Technical

Representative for the program, Mr. Henry McKenney was the Radar and

Ki Optics Division Program Manager, and Mr. Manuel Lopez supervised the

H edata analysis.
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ARRAY I PHOTO IMAGERY ANALYSIS

INTRODUCTION

in July and August 1979, a series of test flights were conducted

over Test Array NO. 1, an installation of surface and buried mines,

mine ietection eauipment, and other military eauipment and elements

located near Ann Aroor, MI for use in testing and evaluating remote

minefield detection techniques. This report presents the results of

the analysis and evaluation of aerial photography collected during

these test flights. The primary objective of this analysis was to

test the capability of these sensors for remote minefield detection.

A secondary objective was to examine the specific effects of vegeta-

tion obscuration of the mines, contrast between target and back-

ground, and ground resolution of the sensor on minefield detection

capability.

The photo analysis was based on aerial photography collected by

a U.S. Navy RF-SG with a KS-87B framing camera during the period 25

through 27 July 1979. A standard photo search procedure was used in

4the initial examination of the photography, consisting of a monoscan

followed by a stereo search. Each element in the test array was

I rated as beina detectable, partially detectable, or non-detectable.

jObscuration of mines by vegetation had an impact on detectability,

as expected, but was not a major negating factor. Available ground
.1 resolution proved to be a severe limitation, because of the small

. size of the mines. The low contrast of the EKC 3411 film also lim-
itea oetectaoility. It is recommended that an investigation be made

4to identify improved search technioues and that higher resolution

and greater film contrast be employed in future tests. Section 2

describes the major findings in this analysis. Section 3 presents

results and conclusions based on these major findings.

J1
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2
TECHNICAL DISCUSSION

2.1 -RRAY AND ENVIRONMENTAL CONDITIONS

The minefield used at Ann Arbor is described in complete detail

in the report entitled "Test Array No. I for Mine Detection Experi-

ments," R. Maes, 2anuary 1980, No. 1383C0-38-T. A schematic layout

of the array is shown in Figure 2-1. Photographs of the mines in-

stalled in the array are shown in Figure 2-2. The elements of the

array that were examined in detail are (in order of priority):

Elements 1, 2, 3 - These three contained the surface mines.

Element I contained the TM-46's (metal), Element 2 the PM-60's

(plastic), and Element 3 the M-19 (plastic). The area in which these

tnree elements Mere located was also called the new growth area be-

cause zne vp9etation Mas younger than that found in the other por-

tions of the array.

E'emeits 5, 6 - 'he handburied mines, TM-46 and PM-60, respec-

tively, -er-2 lcated in these two areas.

-:emlefts -, - ne furrows dug )y the minelayer were situated

lere. Element -was a covered furrow while Element 8 was left un-

covered during tie collection.I
-'ement ? - "'e 1neccr1 (i.e., a strina of mines ) was buried n

this area.
I -lement 10 - Tis 3ection consisted only of dummy mine holes.

. ements 11, 15 - These two elements contained the calibration

and instrumentation arrays.

Elements 12, 16 - These two sections contained the artillery

scatterable mines and the simulated impace holes.

The vegetation, alfalfa plus mixed grasses, was approximately

one ft high, on the average, throughout array Elements 1, 2 and 3.

[i2
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(A) M-15 Metallic (B) M-19 Plastic

c;PVCPlsi (D Scatterable Mines-Metallic

Figure 2-2. Mines Used in Test Array

4



" -- - - , - - -. . . . ... . . .... . .. .... . . .__.-

'-ERIM
The 4ecetation 4n the remaining elements was ioprox'matel/ one 't

nigh also, but appeare to be sparser than in "ne new growth area
Fi'ements - )

The soil was very moist on the day of collection, 27 July 1979,

oecause of heavy rains two days prior. Approximately 2.5 in. fe:l

in the 24 nours prior to collection. The moistire may have had an

effect on the alfalfa leaf reflectance at the time of collection.

'eather conditions on 27 July ranged from =oo in the morning to

partly cloudy and clearing in the afternoon. Time of collection for

this mission was 1330 hours. Shadows over the minefield were mini-

mal. Air temperature was 26'C. In short, weather conditions anl

sun angles appeared to be ideal.

2.2 PHOTOGRAPHIC COLLECTION

Three types of aircraft and camera systems were used in the col-

lection of photographic data:

1. A U.S. Navy RF-SG with KS-87B framing camera;

2. A U.S. Army OV-1O Mohawk with KA-76 camera; and

3. A civilian light aircraft with a U.S. Army Minicam and

operator.

-he OV-1D and 'Ainicam collection Mere made during the period of

'3 through ?0 '7ul/ .,9. The weather conditions were ideal with max-

imum sunlight and little or no cloud cover. The OV-lD was scheduled

primarily to provide infrared (IR) coverage of the array, with the

aerial camera operational for test purposes only. The photo cover-

age, although accePtable, was not completely useful because no data

clock or clock information was available. Altitude information was

available on the iR imagery, but this could not be directly corre-

lted with the photography.

5
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The 2.3. Army >inicam, a hana-held motorized Nikon with 180 "m.

ens, proviaeo nigh resolution photography. The problem associated

vitn this :oilection was that no iata were recordea by tne carier3's

operators as to altitude, stancoff distance, and field angle. While

tne resultant imagery was acceptaole, the lack of accompanying data

distinctly limited its potential value for analysis.

he Navy RF-8G was scheduled for collection during the period 25

throucn 27 July. inclement weather - rain and low cloud cover --

ruled out coverage for 25 and 26 July. On the 27th, the scheduled

morning, coverage was cancelled due to heavy fog over the minefield.

All acceptable RF-8G photography was obtained during the afternoon

when weather conditions were ideal.

Although only one-half day's data were collected, the Navy

photography was selected for evaluation. There were several reasons

for making this selection:

1. This collection offered a variety of vertical coverages at

altitudes ranging from 1700 ft to 8500 ft.

2. Obl iaue coverage, in four look directions, was also

available.

.i. The film used in the collection, EKC3411, was of good

oua i ty.

'The imagery proviaea good stereo coverage of the array. This

made it possible to study obscuration and sensor access in

detail.

* i

2.3 SAMERA AND FILM CHARACTERISTICS

The RF-8G aircraft employs the RS-87B aerial camera, a 13 cm re-

connaissance frame aerial camera. The 13 cm size corresponds to the

5 in. wide film used in the camera. The film is encased in a

6
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cassette magazine containing 500 ft of film. The yield derived from

a cassette of this size is 1200 frames. The KS-873 has focal plane

shutter speeds ranging from 1/60 to 1/3000 sec. Exposure control may

be automatic or exposure may be changed manually from within the

cockpit. in vertical configuration, its angular coverage varies Nith

the focal length. For this collection, a 6-in. focal length was used

resulting in an angular coverage of 41*06'. The camera is also

capable -of oeing ised in various ooiioue configurations by using de-

pression angles of 5, 15' and 30' from nadir.

The film used for this data collection was EKC 3411 (Kodak Plus-X

Aerocon), a panchromatic negative film intended for medium-to-high

altitude reconnaissance. The basic exposure is about 1/500 sec at

f/8, for a solar altitude of 20, an altitude of 10,000 ft, and a

clear day. This film should have been processed in a Kodak VERSAMAT

film processor; instead, it was processed in a government specifica-

tion, general purpose film processor.

The film duplicate positive (DP) was processed on SO-192. At

close inspection, one will discern what appears to be spotting on

the DP. The original negative was imbedded with minute particles of

dirt or dust. When the DP was processed, these dirt specks became

* readily apparent to the eye. The DP was considered acceptable for
interpretation because the actual scene was not iarred or distorted

-y "-nis .-?ffact

.2 SCLc, ALTITUDE, AND GROUND COVERAGE DETERMINATION

The information furnished by the pilot on the Photo Data Card

.as incomolete. It was necessary, therefore, to derive the photo

scale reciorocal 'PSR) by measuring objects of a known size on the

image. The scale derived by this method may be considered acceptable

4 ecause the measured objects were on relatively flat terrain and

their exact dimensions were known. Three objects were measured so

that a jsable scale check could be made. The objects measured were:

7
t
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Jb jeceasurement

.',60 3nk _engtn - _2.33 ft

'l 13 APC Length - 15.96 ft

0ool No. 2 12 ft souare

The 0SR was calculated by the following formula:

Ground Distance GD)

P Photo Distance ,PD)

Once the approximate scale had been obtained, it was a relatively

simple matter to establish the altitudes flown for each coverage.

This was accomplished by:

H = f x PSR

where H = flying height above ground, ft, and f = focal length (0.5

ft). Table 2-1 is a list of the various PSR's and altitudes used in

this report. The data is presented by Event (frame) numbers. The

aircraft flight directions for each image are also provided.

After altitude (H) has been established, the dimensions of the

area photographed in each frame can be established. Since frame size

is 4.5" x 4.5", the photographed area is square when taking photo-

graphs ,directly below the aircraft. Each side of the ground area

exposed can be calculated from the expression

HP
s

where G = side length (ft)

D = frame size (inches)
5

= focal length (inches)

H = aircraft altitude (ft)

The dimensions of the sauares photographed for the various collection

altitudes are given in Table 2-2.

I ~ ~~.,; T--
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TABLE -1
.LTUDES AND PHOTO SCALE RECIPROCALS FQR

SELECTED EVEYJT 'FRAME' NUMBERS

Event Altitude (ft) PSR Flignt Direction

4970 2100 1:4200 lorth

4981 1750 1:3500 East

4995 1770 1:3400 Sout

5012 1900 1:3800 West

507a 2200 1:4400 North

5080 1800 1:3600 East

5085 1800 1 :3F 'J South

5038 1900 1:3800 West

5C91 5500 1:11,000 North

5096 6000 1:12,000 East

501 3500 1:17,000 South

5103 7500 1:15,000 West

9
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TABLE 2-2
GROUND COVER FZR REPRESENTATIVE ALTITUDES

Side Length 3
Event Altitude (ft) (ft, m)

4995 1700 1275, 389

5012 1900 1425, 434

5074 2200 165C, 503

5096 6000 4500, 1372

5101 3500 6375, 1943

10

-I ~-ro w



'VEERIM

_• 3AS: :H.O+?I-'TERPRET7T:Or -PORLACH

s i:nIara onoto searcn procedjure vas isea in tne inizial exami-

nation of :ne )ncticraphy. First, the arr3y ma's scanned in a mono-

scop c nanner, tnat is, it was viewed Nithout stereo vision. This

a Ioweo t 'e interpreter to select areas 'or more detailed study

later. %nowng the general layout of the array, the interpreter

3carrp ] "- - ura r nine elements "rst, oi ioweo by the elements

naving nanauried nines, the mine furrows (both covered and uncov-

erea), the minecord, the dummy mine holes, and the artillery-

scattered mines. 'able 2-3 presents the results of the initial mono-

scopic scan.

Second, the array was searched by usina the stereoscope. The

array elements were stereo searched in the same sequence as the mono

scan. The search yielded somewhat !ifferent results, but not signif-

icantly better that would indicate stereo search to be the preferred

netnoa. Stereo viewing, however, allowed the interpreter to exam-

ine, in detail, the effects of mine obscuration by the vegetation.

3abe ?-9 presents results ')r the stereo search.

-acn element in the array, both mono scan and stereo scan

Ssearcn, was -ated 2s oeina:

Detectaole

i-I - rti iy Detectac'e

1 - 'ion etectaole

.A 'Ile "0" rating means that one is capable of detecting an element's

ttal numoer of nines, or a 'najor portion of them. The "00 rating

etects )nly a small portion of tne nines n a soecific element .less

tnan 50 percent'. -he "NO" rating was assigned when the mines in

any element sere not detected. T is tas usually the case for the

element containing the simulated ?M-60's.

!1
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.BSR.AT::N, ROjND RE3CLJT2N, ND CONTRAST

..........:r~-~ -d -1erecton 3f mines luring this photo

Iha' /S'i. T'e -'rs: as orscuration of the mine or mines by the

.eetn. . -he second ieal- mith the effects of ground resolution.

'e :n1 "3ctor ,nvoliei :ontrast of the images. Obscuration, lim-

"tei teso.jton, 3nd poor contrast combined to heighten the diffi-

' )r *eect'nq nires, isoecia2 y such tyoes as the PM-60's.

TbscJration of the nine is caused when vegetation is interposed

oetween the mine and sensor. This causes the camera access to the

nine to be interrupted or disturbed, and results in the target mine

not 3eing imageo (Figure 2-3).

The analysis of camera system resolution is described by Y.

Morita in ERIM Report 138300-59-T (July 1980) titled "Effects of

Resolution Field of "iew and Vegetation on Sensor Access." The

analysis was done to study the effects of system resolution, obscura-

tion, ana platform characteristics on search rates and response

times. The analysis was originally adopted for the KA-30 camera;

nowever, the KS-87B has the same film format and angular coverage.

-Os inalysis is as follows:

"Resolition capaoilities of cameras are stated in terms of line

,3irsrs'm. :f the FOV 3nd the frame size are given, the resolution

i'n -e ;tared n 'er'ms )f ni!i1ir~aians in(' tie 3bove anal/tical

;or-acn :an 3e lCp ad. -s in a'xamole, :onsije," :e "'A-A tr3minq

camera. :ts frame size is 4.5" by 4.5" and its field of view is 41

36' '17.3 ,rad' oer side. The side length times the resolution in

"e c ai s,wnm j,.']ed :y The fiel i of view 4n milliradians yields

'e oairs oer nrao, that is, 114.30 mm ,40 line pairs/mm)/717.3

nr ', 5 "6. 37 l1ne oalrs."mrad. in Section 3, tne relationship between

, rne iameter, -esoljtion capaoility and altitude was derived. This

• o t nsn o is

" \ . " , '£
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h= cos-
l3

)Fr cameras, b represents ialf -he fiela of iiew (Figures 2--i and

2-5). 3ut naO is the angle subtendea on the mine. If i is I line

pair and there are 6.37 line pairs/mrad, the subtended angle nao is

7/5.37 or 0.157 mrad. At 6 = 41.1°/2, the 3ltituoe is calculated to

be i675.1 n ;or a 3.3 m iiameter nine. -he number of line pairs at

the center )f :ne frame will oe l.11. The size of the area imaged

is approximately a 1300 m square at this altitude."

The relationship between the vegetation's obscuration and a mine

is based on the requirement that the interpreter must see a portion

of the mine to De able to detect it. The detection of mines under

this condition is expressed by:

HkdX -m h
v

where X, = half of effective swath width for mine detection

k = maximum allowable fraction of vegetational observation

over mine

j = diameter of the mine

H = ie'ght of camera aoove terrain

hI = height of vegetation.

;n l :ernate limit on t.le effectve swath width for -nine ietec-

o:n :s :re anguiar field of 'iew of the camera. f this factor

Ilimits the effective half swath width,

X = H tan s
rn sv

where h is the side view scan angle.

If the effective swath width is limited by vegetation height,

the portion or fraction of the entire area covered by the field of

view of the camera which is observable is approximately

16
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Sensor

hh

Figure 2-4. Sensor, Mine and Vegetation Geometry
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Locus jf ?oincs :or
Sensor Location

-"" Sensor

Half Scan Angle or Half

Depression Field of View
.Angle

Clear

m Obscured

Half Swath
* r Width

Figure 2-5. Geometric Definitions and Conditions
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Anere - < - 1. This tractional /awue -- icorox'mate Decause 14near

relationshios are used; a mine must te souare 3nd orroerly or'ented

for the eauation to ce exact. Thus, the effective swatn width

X = Smaller of --- tan b

Figure 2-6 is a plot of half the effective swath width for ver-

tical photography, assuming the use of the KS-87B camera. The KS-87B

nas an angular coverage of 41006 '. Thus, 6sv is eaual to 20°33'

(Figure 2-7). For the calculations, the mine diameter, d, equals

0.9 ft and the shadow length, kd, eauals 0.45 ft (k = 0.5). The

altitudes given are representative of those flown during the collec-

tion. The effective swath widths for vegetation heights of 0.5 and

1 ft are eaual to each other, because the 6 sv limit is in effect

until hv  equals 1.20 ft.

In Array I, the height of the alfalfa was approximately 1.5 ft

at the time photographs were taken.

The second factor having an effect on this analysis was around

-esolution. This term describes the ability to resolve ground fea-
tures on a ohotograph. Another term "minimum ground seoaration,"

:cmes into context for tnis iiscussion. This is the ininimum distance

oetween oJects on 'me ground at wnich they can be resolved on the

photograpn (Figure 2-8). Ground resolution, while clearly related

' o scale, is a measure of the interpretability of an aerial photo-

grapn. The pnotointerpreter reouires a ground resolution sufficient

to identify the smallest object of interest. The better the ground

resolution, the better the image quality; and conseauently, the bet-

ter the information content.

O The third factor examined in this analysis was image contrast.

* -his is interoreted as being the difference in brightness between

19
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Fiue2-7. Vegetational Obscuration of the Mine
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,.M = 2SYSTEM AFILM A'RESOLUTION, RI

_1 LINE-PAIRS mm
-  

LENS

FOCAL
LENGTHf. in mm

LENS V

CAMERA
HEIGHT

GROUND

3 ROUNOWI' RESOLUTION,
LINE-PAIRS m-;

MINIMUM ROUND
SE[PARATION - 11-,.

2

Figure 2-8. Ground Resolution and Minimum Ground
Separation on Aerial Photographs
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)o ?c: 3 1r tnle 'mage. cntr3st ilso refers to tne i erences in

-ar-et "minanca. :n "n's 3nasisis, th.e :oloration f -.he Jac:<grouna

- ie ia- -:el ) 3ppearea -orer-e vit'n that )f 'ne nines, espe-
:4I3 the PM-60's and the *,M-16's. The M-i9's, which reflected con-

sceraole light -acK to the camera, Mere readily detectable. There

.ias no )e-loa readily available to measure the contrast -atio Cr.)

r the Dnotogr3pny used in this analysis. One may assume a low con-

:.ras" -3tio given tne near uniorm shade of the nonaetectaole mines

ana tne uniform brightness of the target background. The low con-

trast ratio definitely had an effect on the interpreter's ability to

resolve and detect mines.

2.7 THE DETECTION PROBLEM

The Jetection of the surface-laid PM-60's and TM-46's proved to

be a difficult task. The other portions of the array were consider-

ably easier to detect. The detection problem was caused by the fac-

tors cited previously - obscuration by the vegetation, ground reso-

lution, and contrast. The search technioues of mono scan and stereo

search were helpful; however, this approach was contaminated because

t ne interPreter was familiar with the around truth concerning the

* array. These technioues might not have been as helpful if the
interpreters owere not familiar with the area or the mines.

*' -he soatial extent of an ajoect such as the PM-60 or TM-46 is

very smal . These mines have a round, uniform shape with no aspect

ratio. A search of the photography would reauire the interpreter to
lcok not hr a single mine, but rather, for a considerable number of

them "1 a iiscernible pattern. The surface ,nines located in the

3i:Ifalfa (1.5 ft high) were not detected in the mono scan. Only a

small oortion (less than five) were detected during the stereo

search. This occurred in a part that was sparsely vegetated (Fig-

ure 2-9). There was little or no difficulty in the areas of the

j array t nat contained the hand buried mines and the mine furrows.
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- 1er :ete:'o riie 3t-.r~uce~ ". f'te surfac.? jistjIrodlce -3usen'

:oy :neir ourial )nd Dy the r-eaailly recognizaDle sianature eft l

tne 'nine aye-. neari~ry 3scattered] nines yere ilot ie~ecte-i in

either mono scan or stereo search. Their extremely small size could

not be suff~cient~y r-esol ieo3 on tne ohotogr3Dohy.

.n addition to the size (ground iistance) of the ?M-60, '-.46,

ana the artillery scattered ni nes , other :-ons aer at ions sroula be

notedi:

1. The brightness of the mine to be resolved;

2. The uniformity of the target background; and

3. The extent of the uniform background against which the mines

were imaged.

For example, the PM-60's were painted w~ith the TTE 529 olive paint

which closely simulated the paint found on the actual model. When

photographe1, this color blended perfectly with the surrounding vege-

tation. A similar effect occurred in the case of the TM-46, although

not to the same degree. The artillery scattered mine, also painted

an olive drab color, reacted in the same manner. The PM-60, TM-46,

and artillery scattered mines exhibited monotonous, nearly uniform

shades of gray on the film. The M-19 mines, on the other hand,

appeared as distinctively bright objects when photographed against
t.he larker background. This may have caused them to ippear lre

than their actual si ze. Contrast -atio was a cruci 'al issue in lie-

tecting the two most critical types of mines, the PM-60 and TM-46.
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3
CONCLUSIONS AND RECOMMENDATIONS

Although the amount of photography available was limited, some

conclusions may be made from this analysis:

1. Standard search procedures, both mono scan and stereo

search, must be refined to a greater degree for mine

detection. This may require an examination of the util-

ity of collateral materials to augment the information

content of the photography.

2. Obscuration by vegetation had an impact, as expected,

but it was not a major negating factor. It did con-

tribute to the problems caused by ground resolution

and contrast.

3. Ground resolution had a severe impact. This is due

simply to the size of the mines themselves. Ground

resolution may be improved through proper selection

of flight altitudes and focal lengths.

4. The contrast ratio for this film, EKC 3411, was low.

Given the coloration of the crucial mines (PM-60 and

TM-46) and the uniformity of the background, their

detection proved to be an arduous task.

Additional, more complete analyses of aerial photographic methods

are renuired. Furthermore, certain recommendations were derived from

this analysis.

1. An investigation for new search techniques should

be conducted. This may be accomplished by reviewing

the pertinent literature, and by consultations with

the photographic intelligence community.

2. A data base that documents different types of vege-

tation and their seasonal heights should be developed.

This would, in turn, serve as a tool for developing

sensor access tables that the user may employ in
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selecting the optimum sensor, altitude, and field

of view for mine detection.

3. Films that render a higher ground resolution than

that encountered heretofore should be tested and

analyzed for their utility in mine detection. Every

film should be evaluated for its capability in

resolving very small target objects.

4. Films and developers that yield medium to high con-

trast imagery should be investigated. EKC 3411,

while acceptable, did have a low contrast ratio in

this collection. Perhaps it may prove to be a

different matter under different target conditions.

Finally, it must be stressed that this experiment was conducted

to generate qualitative data to provide insight into the potential of

photography for minefield detection. It has led to the general conclusions

that resolution and sensory access play major roles in determining use-

fulness of photography in a minefield detection role.
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